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Abstract 
This study aims at understanding the influence of the borosilicate glass (BSG) homogeneity obtained by BCl3 diffusion on the 
passivation quality of the boron emitter. First, the diffusion process was optimized in order to improve the homogeneity along the 
tube. Average uniformities below 3% were reached on a full loaded furnace. It was showed that the non-homogeneity of the 
borosilicate glass layer (BSG) thickness has a limited influence on the emitter Rsheet homogeneity. Nevertheless the diffusion 
homogeneity is much more detrimental on the surface passivation quality when a thermal oxide SiO2/ PECVD SiN stack is used.  
We showed that the replacement of the SiO2 layer by an ALD deposited Al2O3 layer leads to an improved passivation with no 
dependence on the BSG thickness. 
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1. Introduction 
Bifacial Solar cells fabricated on n-type silicon substrates are promising alternatives compared to p-type cells due 
to the potential higher efficiency associated to long-term stability (no LID effect) [1]. Our reference n-PERT process 
was developed using a BCl3 diffusion industrial-scale quartz tube furnace (SEMCO LydopTM) working at low 
pressure (200-600 mbar ranges) [2]. The reduced pressure operating conditions prevent over-saturation of the doping 
sources and results in a more homogeneous flow distribution, which saves process gas and produces better quality 
solar cells.  
The resulting boron dopant profile relies on the formation of BSG layer as it serves as the dopant source. The so-
called BSG layer is known as the mixture of elemental boron, B2O3 and SiO2. In our diffusion process, BCl3 vapor is 
introduced into the tube together with O2. In the tube, BCl3 reacts with O2 and B2O3 is deposited on the Silicon 
surface. Elemental boron is released from the reaction between B2O3 and Si. At a normal deposition temperature 
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(>900 °C), B2O3 is in liquid phase, as it melts above 500 °C. Thus, the uniformity of the resulting BSG layer is hard 
to control, as it is determined by the reaction between B2O3 and Silicon. 
The non-uniformity of the BSG layer has always been the major concern in tube diffusions. Tube diffusion is 
widely used in the photovoltaic industry to introduce the boron dopant into the silicon [3]. In most case, BBr3 is used 
as a Boron source. The influence of BSG non-uniformity on doping profiles was also widely studied. Mendjie and 
Al have showed that doping profile is not strongly affected by the non-uniformity of the BSG layer once the BSG 
thickness exceeds 5 nm [4]. 
In our case, boron emitters were developed using a BCl3 doping process. In this paper, we have studied the 
influence of the non-homogeneity of the borosilicate glass layer (BSG) thickness on the emitter sheet resistance 
homogeneity. The influence of the BSG thickness on the quality of the surface passivation in function of the type of 
passivation layer is also addressed. 
2. Experimentation 
The passivation quality of different dielectric layers on highly boron-doped surfaces was investigated on 
symmetrically processed p+np+ lifetime samples. The samples were fabricated on textured n-type Czochralski (Cz) 
Si <100> wafers (156 mm × 156 mm). The boron diffusion process was carried out in an industrial-scale quartz tube 
furnace working at low pressure in the 200-600 mbar ranges. Gases are introduced by means of two different 
injectors positioned at the back of the tube. BCl3 is diluted with N2 in the gas panel before injection into the tube. O2 
is introduced from the second injector in order to ensure a good gas distribution along the tube. BCl3 is oxidized at 
high deposition temperature (900-960°C) to form the BSG layer. Prior to the diffusion, the wafers received a 
conventional RCA cleaning. After a diluted HF step to etch away the BSG, SiO2/SiNx and Al2O3/SiNx layer were 
deposited onto the silicon. The SiO2 is a thermal oxide, the Al2O3 layer was deposited in an ALD equipment and the 
SiNx was elaborated in a low RF-PECVD tool. The passivation quality of the BSG as well as of the SiO2/SiNx and 
Al2O3/SiNx stacks was quantified with the photoconductance decay (PCD) technique using the Sinton lifetime tester 
WCT120 [5]. The measurements were done at excess carrier densities ǻn around 5.1015 cmí3 by applying the quasi-
steady-state PCD method (QSSPC) with the generalized analysis proposed by Nagel et al. [6]. The 
photoluminescence mappings are done with a BT-Imaging LIS-R2 equipment [7]. Two different diffusion processes 
were elaborated, one resulting in a uniform BSG layer thickness and another leading to poorer uniformity.  
3. Results and discussion 
3.1. Influence of the BSG thickness on the Boron emitter homogeneity  
Baseline recipe exhibited uniformities (u), using the formula: u=100 x (Max-Min/Max+Min), around 5.0 % on 
243 cm² wafers. The tuning of the BCl3 diffusion process improves boron emitter sheet resistance uniformity on the 
wafer and uniformities below 3 % were obtained on a 70 /Ƒ boron emitter (see Figure 1).  
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Fig. 1. Emitter sheet resistivity uniformity in function of the position of the wafer in the diffusion tube 
 
BSG layer thickness on the non-optimized 
diffusion recipe 
 
Sheet resistance mapping on the non-optimized diffusion recipe 
BSG layer thickness on the optimized 
diffusion recipe 
 
Sheet resistance mapping on the optimized diffusion recipe 
 
Fig. 2. Influence of the BSG non-uniformity on the sheet resistance uniformity on the wafer 
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The diffusion non-uniformity is related to the boron layer thickness as showed is figure 2.  Lower sheet resistance 
is obtained with thicker BSG layer. Despite, the significant non-uniformity of the BSG layer, the Rsheet of the Boron 
emitter remains more uniform than the thickness. Thus the amount of active boron atoms introduced in the silicon 
seems not to be totally dependent of the BSG layer thickness. 
3.2. Influence of the BSG thickness on the surface passivation homogeneity 
The figures 3 and 4 show the BSG thickness uniformity and the Photoluminescence images for different surface 
passivation configurations. The mapping clearly shows that the BSG and the SiOx/SiNx passivation are influenced 
by the thickness of the BSG layer. A better passivation is measured at lower BSG thickness. A poor passivation 
quality was measured on the samples keeping the BSG layer after diffusion. Finally the Al2O3/SiNx stack shows no 
influence of the BSG thickness and presents the best passivation. As showed in figure 5, i-Voc over 675 mV was 
obtained with an Al2O3/SiNx passivation and over 665 mV with a SiO2/SiNx passivation on a 70 /Ƒ boron emitter. 
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Fig. 3. Comparison of the passivation quality of the Boron emitter with different passivation layers 
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 Photoluminescence images on SiO2/SiNx passivated 
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Photoluminescence images on Al2O3/SiNx passivated 
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Fig. 4. Comparison of the passivation quality of the Boron emitter with different passivation layers 
Fig. 5. Implied Voc as a function of uncalibrated photoluminescence signal for symmetrical 70 ohm/square boron diffused 
emitters with 3 different passivation layer 
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The figure 6 indicates the saturation current obtained on the SiOx/SiNx passivated boron emitters as a function of 
the wafer position in the 200 wafer loaded diffusion tube. Saturation current under 100 fA/cm² are obtained with a 
good homogeneity along the tube. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Saturation current distribution of SiO2/SiNx passivated boron emitter as a function of the wafer position in the diffusion tube 
3.3. Fabrication of n-type PERT solar cells 
Industrial 156 mm x 156 mm n-type pseudo-square Cz wafers were prepared through a wet chemical texturing 
and cleaning step. The emitter was formed during BCl3 diffusion in a quartz tube at temperature range between 900 
and 950°C. A PECVD capping layer is deposited previously to the boron diffusion to prevent the formation of the 
emitter on the back side. Solar cells underwent a POCl3 diffusion step to achieve an effective BSF region, using 
again a PECVD diffusion barrier.  
After an HF dip, thermal SiO2 was grown in a dry ambient at 840°C for 15min. The 75nm-thick SiNx:H anti-
reflective layer was then deposited by PECVD on both sides of the wafers. 
Screen printed metallization (H pattern) were deposited at the front and the rear side of the solar cells precursors. 
The cells underwent a firing step in an IR belt furnace at around 750°C for less than 10 seconds. A sketch of the 
configuration is indicated in figure 7.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7. Sketch of a standard (front emitter) PERT cells on n-type c-Si substrate. 
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Using this cell process, efficiencies over 20 % were reached on n-type Cz 156 mm x 156 mm industrial silicon 
solar cells (see table 1). 
Table 1. Efficiency obtained on a 239 cm² BCl3 diffused n-PERT Solar Cell. 
Jsc (mA/cm²) Voc (mV) FF (%) Efficiency (%) 
 
39.0 
 
645.1 
 
79.9 
 
20.1 
    
 
 
4. Conclusion 
A Boron emitter was developed using a BCl3 doping process. The process was adapted in order to implement an 
industrial boron doping process for n-type silicon solar cells fabrication. It was showed that the non-homogeneity of 
the borosilicate glass layer (BSG) thickness has a limited influence on the emitter Rsheet homogeneity. Nevertheless 
the diffusion homogeneity is much more detrimental on the surface passivation quality when a thermal oxide SiO2/ 
PECVD SiNx stack is used.  We showed that the replacement of the SiO2 layer by an ALD deposited Al2O3 layer 
leads to an improved passivation with no dependence on the BSG thickness.  
Efficiencies over 20 % were reached on n-type 239 cm² Cz PERT cell with a BCl3 diffused front emitter and 
screen printed front and back contacts.  
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